ventive strategies, are a critical resource to their colleagues in the larger community and global environment (Lipscomb, 1994; Rogers, 1998) . The complex etiology, prevention, and treatment of health problems of environmental etiology require a sound theoretical knowledge base. This two part series is based on the recommended environmental health competencies for occupational and environmental health nurses identified in the "Environmental Health: Expanding Dimensions of Practice" [Advisory] (AAOHN, 1998) . The article series presents practicing nurses with important information for addressing environmental health issues. The integral role of environmental health within the scope of practice for occupational and environmental health nursing is supported through the efforts of AAOHN through programmatic activities and publications.
This article is the second of a two part feature about essentials of environmental health for occupational and environmental health nurses. Part I (Chalupka, 200 1) presented an overview of environmental health hazards in the home, workplace, and community. The discussion focused on pathways, routes of exposure , and classes of environmental hazards. In addition, the discussion included information about populations made vulnerable by personal characteristics possibly affecting human response to environmental condition s. Part II continues with additional issues central to current occupational and environmental health nursing practice including the discussion of the scope and nature of environmental health hazards with water and pesticide s. Tools for taking effective exposure histories are presented, as are priority nursing research areas in environmental health, along with a discussion about the role of the occupational and environmental health nurse in promoting environmental health. drinking water to 10 ppb. This was done in order to address concerns that long term exposure to low concentrations of arsenic in drinking water can lead to skin, bladder, lung, and prostate cancer; cardiovascular disease; diabetes mellitus; and developmental effects [EPA, 2ooob) . However, the new standard will not take effect for 5 years. Other contaminants with well understood health effects, some radioactive contaminants such as radon, parasites, and many pesticides also currently have no standards but may be present in drinking water.
Some EPA standards may protect the average healthy adult, but may not protect especially vulnerable populations including infants, frail older adults, or immunosuppressed individuals. As discussed in Part I of this series (Chalupka, 2001) , individuals at either end of the life cycle (children and older adults) are particularly vulnerable to environmental hazards. Exposure to environmental toxicants before birth can produce organ malformation (teratogenesis) and premature death (Agency for Toxic Substances and Disease Registry [ATSDR), 1999). After birth, developing respiratory, immune, and nervous systems may be permanently damaged by exposure to environmental toxicants (ATSDR, 1999; Bearer, 1995; Goldman, 1998) .A person's metabolic pathways, particularly before birth and in the first year of life, are very immature and thus not able to detoxify environmental toxicants as efficiently as adults. In older adults, diminished blood flow to the kidneys and liver, in part as a result of declining cardiac output accompanying aging, can cause decreased ability to detoxify and eliminate environmental toxicants, making the elderly more susceptible to the adverse effects of these toxicants (McKenry, 2001; World Health Organization, 1993) . Finally, EPA standards are set in a larger political context based on what water treatment plants can "feasibly" accomplish considering the technology and treatment costs.
Agents of water pollution can be categorized as biological, chemical, or radionuclides. The long term health effects of many water pollutants are not well understood. In addition to drinking water, routes of exposure for waterborne pollutants include fish or shellfish caught in polluted water and foods irrigated with contaminated water (e.g., lettuce, raspberries, grapes). Showering, swimming, and other recreational water activities may result in exposure through inhalation, dermal absorption, and ingestion. When a pregnant woman ingests food or water in which pollutants have bioaccumulated, fetal exposure may occur. In addition, chronic exposure by the mother before the pregnancy may adversely affect the fetus. Polychlorinated biphenyls (PCBs) and heavy metals such as lead and mercury accumulate in the body and are not excreted easily (Etzel, 1999) .
MICROBIAL CONTAMINANTS
It has been estimated that waterborne infectious diseases kill as many as 900 Americans and sicken another 900,000 annually (American Society for Microbiology, CE AR TI C L E 1999).As the result of limited recognition and reporting by health care professionals and serious gaps in the United States passive waterborne disease surveillance system, these numbers are thought to represent only a small portion. Some estimates using extrapolated intervention study data suggest that 40 to 50 million cases of waterborne infectious disease per year is a more accurate number (Balbus, 2000) .
The microbial contaminants of greatest concern in drinking water include bacteria, viruses, and protozoa that are usually of human or animal fecal origin. Recent bacterial drinking water disease outbreaks in the United States have been attributed to Shigella sonnei, Giardia intestinalis, and Escherichia coli (E. coli) serotype 0157:H7 (CDC, 2000) . Pseudomonas spp., E. coli 0157:H7, Shigella sonnei, Leptospira. and Legionellae infections have accounted for the majority of recreational water outbreaks. Cryptosporidium parvum, an enteric protozoa, is also a major cause of recreational water outbreaks (CDC. 2000) . Primary prevention for bacterial contamination of drinking water requires effective waste water treatment plants for human sewage and limiting agricultural runoff to protect watersheds. Secondary prevention involves filtration to remove some microorganisms and provide disinfection.
In the United States, disinfection of drinking water is usually achieved through chlorination . Less frequently it is achieved through ozonation . Chlorination is considered by some to be superior to ozonation because it leaves a residual level in the water, preventing contamination of drinking water downstream of the treatment process. However, chlorination of waters with high natural organic content (e.g., humic acid, tannic acid) results in chlorination byproducts (e.g., trihalomethanes [THMs], haloacetic acids [HAAs], haloacetonitriles). Of particular concern are the THMs, which are weak carcinogens (World Health Organization, 2000) . Epidemiologists believe there are persuasive human data to support the contention that increased exposure to THMs in drinking water is associated with increased risk of colon, rectal, and bladder cancer in certain population s (Cantor, 1998; Hildesheim , 1998; King, 1996; Morris, 1992) . Other disinfectants including chloramines, chlorine dioxide, and ozone have identified byproducts associated with adverse health effects (EPA, I998a,c).
Amendments to the Safe Drinking Water Act in 1996 required the EPA to balance the risks between microbial pathogens and disinfection byproducts (DBPs (EPA, 1998a,c) .
Enteric viruses generally enter drinking water through human feces. Pathogenic human enteric viruses, including Norwalk, adenoviruses, caliciviruses, rotavirus, and hepatitis A enter the water supply through sewage. Viruses are much more resistant to chlorine disinfection than bacteria . In addition to well understood contamination of surface water by human enteric viruses, it is now known that these viruses contaminate 20% to 30% of the United States ' groundwater, where they can survive for many months . Enteric viruses are not frequently identified as etiologic agents of waterborne disease outbreaks because of inadequate detection. However, it is quite likely that many of the outbreaks of "acute gastroenteritis of unknown etiology " are viral in origin (Nadakavukaren, 2000; NRC, 1999c) .
The microbial contaminants of greatest concern in drinking water are enteric protozoa , including Giardia lamblia and Cryptosporid ium parvum. Characterized by fecal to oral route of transmission, these enteric protozoa can readily infect humans when drinking water supplies are polluted with sewage or agricultural runoff. Protozoan cysts and oocytes are highly infectious, largely chlorine resistant, small , and difficult to filter (Bull, 2000 ) . In 1998, the EPA promulgated the Interim Enhanced Surface Water Treatment Rule, which provides additional protection against Cryptosporidium parvum and other waterborne pathogens. These regulations cover all public water systems using surface water or groundwater under the influence of surface water and serve 10,000 individuals. Key provisions include strengthening of filtration and monitoring requirements (EPA, 1998b) . Unfortunately, even modem efficient water treatment operations cannot render water completely risk free.
In 1993, more than 400,000 people were sickened, with fatalities among immunocompromised individuals, during an outbreak of cryptosporidiosis (MacKenzie, 1994) . Clinical manifestations of cryptosporidiosis include profuse, watery diarrhea and cramping abdominal pain. Malaise , fever, anorexia, nausea, and vomiting occur less often. In children , anorexia and vomiting may precede diarrhea . In immunologically healthy individuals, symptoms fluctuate but usually resolve within 30 days. However, immunocompromised individuals may be unable to clear the parasite, and the disease may become prolonged and fulminant, chronic, or even contribute to death (Chin, 2000) .
A number of infectious agents have been newly associated with waterborne disease including cyanobacteria. which produce microcystins linked to liver failure and deatn in patients dialyzed by an untreated surface water supply contarr inated with blue green algae (Pouria, 1998) . Hepatotoxin, produced by cyanobacteria also have been linked to liver tumors. E. coli 0157:H7 was identified as the etiologic agent in a waterborne outbreak in Missouri that sickened 243 people and resulted in four fatalities (Balbus , 2000) . Helicobacter pylori (H. pylori) has also been detected in the United States in surface and groundwater drinking source s (Hegarty, 1999) .
CHEMICAL CONTAMINANTS
Drinking water treatment processes have rendered drinking water much safer from microbial contaminants. However, currently there is a great deal of concem about the 100,000 or more synthetic or organic chemical contaminants found in drinking water supplies across the United States. Water and water sediments are the ultimate sinks for the chemicals produced and used by humans. Many of these substances are only present in concentrations measured in parts per million (ppm) or even parts per billion (ppb). However, many of them are mutagenic or carcinogenic, raising questions about the long term health effects of daily ingestion (EPA, 1999b, 2OOOC, d, e; Moeller, 1997) .
Synthetic organic chemicals contaminating surface and groundwater include industrial solvents, PCBs, pesticides, and DBPs. Originating from chemical manufacturing, petroleum refining, iron and steel production, wood pulp processing, textile manufacturing, and agriculture, these chemicals enter surface water through surface runoff, direct and indirect discharge, or volatilization and subsequent fallout during precipitation episodes. Groundwater can also be contaminated through downward percolation of chemicals after rains or poor waste disposal practices. In addition, chemicals such as tetrachloroethylene (TCE) (i.e., perchloroethylene [PCE]) can also enter drinking water supplies as leachate from polyvinyl chloride (PVC) water mains (EPA, 1999b) . Population based case control studies have provided evidence for an association between PCE contaminated public drinking water and cancer of the lung and possibly cancer of the colon and rectum (Paulu, 1999) . In children, early exposure to TCE in drinking water has been associated with hearing loss and delays in speech development (ATSDR, 1999) .
Many pesticides and herbicides are found in low concentrations in drinking water. Among the pesticides are many environmentally persistent organochlorines including chlordane, heptachlor, toxaphene, dichlorodiphenyltrichloroethane (DDT) , aldrin, endrin , and alachlor. Herbicides used on golf courses, lawns, roadsides, and in agriculture include alachlor, metolachlor, and acetochlor. Some of these chemicals have been banned for 2 decades in the United States but persist in the environment and drinking water because of widespread usage and resistance to degradation (EPA, 1999a,b) . Many of these chemicals are known carcinogens and pose other chronic health risks (Goldman, 2000) .
When counseling individual s about chemical contaminants in the water supply, it is important for the clinician to understand that volatile chemicals are easily inhaled from heated or aerosolized water. They may also be absorbed through the skin. This means clients using a APRIL 2001, VOL.49, NO.4 chemically contaminated water supply must be informed that in addition to avoiding the water for drinking, the water should not be used for showering and bathing. Some other chemical contaminants of concern in drinking water are found in Table 1 .
RADIONUCLIDES
The National Primary Drinking Water Regulations establish MCLs for gross alpha particle activity, combined radium 226 and 228, tritium, and strontium 90, which are all associated with increased cancer risks (EPA, 1999b ) . The EPA has promulgated more strict drinking water standards for (nonradon) radionuclides in water (combined radium 226/228, adjusted gross alpha , beta particle and photon radioacti vity, and uranium) , which will become effective in December 2003 . New monitoring requirements will be phased in between 2003 and the beginning of the next Standardized Monitoring Framework period , December 31,2007 (EPA, zoooe) .
The National Academy of Sciences (1999) issued a report (Biological Effects of Ionizing Radiation [BEIR VI]) containing the most comprehensive accumulation of scientific data on the public health risks of radon in drinking water. BEIR VI confirmed drinking water related deaths, primarily due to lung cancer from radon exposure (National Research Council, 1999b) . However, at this time, no drinking water standards are in place for radon. A proposed radon regulation was to have been promulgated in final form in 2000 but is not now expected until August 2001 . Radon in drinking water causes approximately 168 cancer deaths per year, 89% from lung cancer caused by breathing radon released from water, and 11% from stomach cancer caused by drinking radon contaminated water (EPA, 2000d) .
Radon may be carried into homes via the water supply. In the case of surface water or municipal water supplies, most radon decays or volatilizes into the air before it reaches the home. The average radon activity in publicly treated surface water is 100 pCi/L (the number of picocuries of radiation per liter of air). However, water drawn from private wells may contain substantially higher levels of radon, with levels as high as 27,000 pCi/L detected. Radon levels in water also vary by geography. The highest water radon levels are in New England, the Southeast, and the Mountain regions (National Academy of Sciences, 1999). Showering, flushing toilets, laundering, and dishwashing may release radon into the indoor air resulting in inhalation exposure (ATSDR, 2oooa; Balbus, 2000) . Radon can be inhaled at individual tap filters. Thus, it is recommended that radon be removed by granulated, activated charcoal filtration at the point of water entry into the house.
DRINKING WATER CHOICES
It is important to counsel the client to identify the contaminant of concern. Decisions need to be based on knowledge of likely contaminants. For example, boiling water for an infant for I minute inactivates or destroys most, but not all, biological agents. However, boiling for longer may inadvertently concentrate lead or nitrates in the water.
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In most circumstances where drinking water is supplied by a public utility it is not necessary to have drinking water tested. If the local water utility fails to meet drinking water standards it should be corrected through intervention of government agencies rather than individual consumers.
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The EPA does not regulate private well water supplies, although some states and municipalities have standards applying to newly dug wells. Clients supplied by private wells are financially responsible for their own voluntary water testing. Many contaminants are colorless and odorless, and many clients incorrectly believe well water is not susceptible to contaminants. Therefore, well water testing is not frequently performed. All wells should be tested annu- Data Sources: EPA, 1998c EPA, , 1999b ally for nitrate and coliform bacteria. Testing should be conducted more frequently and for more potential contaminants such as radon and industrial chemicals if a problem is suspected. Water analysis should be conducted at a state certified drinking water laboratory (EPA, 1999a). Home water treatment and filtration systems have become increasingly popular. These systems claim to remove chemical and microbial contamination. However, not every filter has the capability of removing every contaminant. Unless carefully selected and maintained, home water treatment systems are often ineffective and may even increase exposure to waterborne bacteria. Clients indicating a desire to install a home treatment system should seek a system with NSF International (formerly known as the National Sanitation Foundation) certification for reduction of contaminants of concern. The NSF certification is based on American National Standards Institute (ANSI) water filtration standards. (Current information about water filtration systems is available through NSF at www.nsf.org.) Unless there is a known contamination of drinking water, clients should not be counseled to use bottled water. At a cost of 500 to 1,000 times as much, bottled water is not required to meet standards any higher than those of tap water. In fact, the regulatory oversight of bottled water is less stringent than that of public water utilities. Sixty to seventy percent of all bottled water is not regulated by FDA oversight because it is bottled and sold in the same state. Many states have no bottled water regulatory programs and water subjected to testing is not tested with the same frequency as public water suppliers (Balbus, 2000) . Recent research by the Natural Resources Defense Council (NRDC, 1999) found pathogenic bacteria, chlorination by-products (e.g., THMs), arsenic, and pesticides in tested bottled water. Of the 103 brands sampled, one third were in violation of industry or state limits.
Selected Drinking Water Contaminants and Related Health Effects

CONSUMER CONFIDENCE REPORT
The Safe Water Drinking Act Amendments of 1996 required all community water systems to provide customers with an annual report on the quality of their drinking water. The Consumer Confidence Report (CCR) must include: • Quality of source water. • Definition of terms related to contaminant levels. • Disclosure of all regulated contaminants detected. • The likely polluter or category of pollution for contaminants.
It must also describe potential health effects of any contaminant detected in violation of an EPA enforceable standard, and a description of the system's actions to restore safe drinking water (EPA, 1999a) .
Important limitations of the CCR include the responsibility of utilities to report only levels of regulated contaminants (e.g., radon) but not unregulated contaminants (e.g., pesticides), and reports are only sent to bill paying customers (not renters and those who do not pay directly for their water). With the exception of nitrate, THMs, lead, and arsenic, the EPA does not require disclosure of contaminant health effects, unless the EPA enforceable standard for that contaminant is exceeded. Finally, the most significant limitations are the great variability among water utilities in complying with EPA's reporting requirements and that the CCR data reflect the previous calendar year, not current drinking water conditions. Much of the information can be highly technical and therefore difficult for consumers to understand.
Health care providers can use the CCR in their efforts to prevent environmental disease. Occupational and environmental health nurses should be familiar with the CCR and likely contaminants in the area. Health care providers should also assist individuals and communities to understand their CCR. In addition, those individuals particularly vulnerable to waterborne disease (e.g., neonates, infants, children, immunosuppressed individuals, pregnant women, older adults) need to be identified and counseled 200 about preventive measures and safe and appropriate use of water filters and bottled water. Clinicians can improve surveillance efforts by reporting all possible cases of waterborne illnesses to local or state health departments.
Finally, the knowledge and expertise of occupational and environmental health nurses can make an important contribution to public health protection as an advocate of clean and safe drinking water policy at both the local and national levels. At the local level, occupational and environmental health nurses can work to change institutional policies threatening drinking water, act as a resource for the community and other health professionals, and promote community awareness of health issues related to drinking water. At the national level, occupational and environmental health nurses can join with other health care providers and press Congress and the EPA for more research into health effects and stringent regulation of potentially harmful contaminants in drinking water.
PESTICIDES
More than 620 chemicals are registered with the EPA as pesticides in the United States (Goldman, 1998) . These chemicals are mixed with each other and inert ingredients to produce more than 20,000 commercial pesticide products available in the marketplace (Goldman, 1998; Landrigan, 2000) . It is estimated that more than 400 million pounds of pesticides banned from use in the United States are manufactured here and exported for use in other countries (Landrigan, 2000) . Approximately 350 pesticides are used on foods, and to protect homes and pets. These include insect repellants, insecticides, fungicides, fumigants, herbicides, and rodenticides. In addition, many pesticides banned in the United States because of their adverse health effects reenter the country daily on food grown in other countries (Zahm, 1998) . This phenomenon is referred to as the "circle of poison" (Landrigan, 2000) . Widely used in homes, schools, workplaces, and sometimes aerially sprayed onto entire communities, pesticides have the potential to either benefit or be harmful to human health. They may assist in the prevention of the spread of disease, improve crop yield, and be toxic to humans.
As little as 1% of pesticides (with the exception of poison baits) reach targeted pests. The remaining 99% contaminate surfaces and air if sprayed indoors. If sprayed outdoors, the remaining 99% fallon outdoor furniture, play areas, nontargeted organisms, plants, and animals. Pesticides can contaminate drinking water as they enter groundwater, wells, and rivers. Biomagnification of pesticides may result in animal and human exposure at the top of the food chain at concentrations tens of thousands of times greater than those at the bottom of the food chain (Etzel, 1999) .
Humans can be exposed to the 620 chemicals registered as pesticides by direct contact and dermal absorption ( Figure) ; by inhalation; and through ingestion of contaminated food, water, and breast milk. It is estimated that 50% of all the pesticides ingested in a lifetime are ingested in the first 5 years of life (ATSDR, 1999) . Many pesticides are carcinogenic in animal bioassays and some are known to be human carcinogens. Of the 51 pesticides evaluated by the National Cancer Institute and the U.S. National Toxicology Program , 24 demonstrated carcinogenicity in chronic bioassays. Many of these are still registered for use on food in the United States (Zahm, 1998) .
Children are at particular risk from the adverse effects of exposure to pesticides. Before birth, humans form organ systems that need to last throughout their lives. The long term effects of pesticides on human development have not been studied adequately. Children have a heightened biological sensitivity to pesticides because of differences in physiological and metabolic processes. Their absorption of toxic materials via skin, respiratory, and gastrointestinal systems is greater than that in adults. Because they are unable to metabolize, detoxify, and excrete certain toxins as efficiently as adults, they are more vulnerable to adverse health effects.
Behavioral factors, including normal exploratory behaviors (e.g., crawling on the floor, playing on the lawn, hand to mouth activity), increase the opportunities for children to encounter and dermally absorb, inhale, and ingest environmental toxicants (Children's Environmental Health Network , 1999; Etzel, 1999) such as pesticides. Children also may be exposed to pesticide s through unknowing or unwise transfer of workplace materials to the home (Zahm , 1998) . Children differ from adults in the exposure to environmental toxicants, such as pesticide residues in food, both qualitatively and quantitatively (Landrigan, 1998; National Research Council , 1993) . Per unit of body weight, they breathe more air, drink more water, and consume more food than adults.
Many of the pesticides currently used on food that are known neurotoxicants have never been tested for their impact on the developing brain and nervous system of infants or children (American Public Health Association, 2000) . Most currently licensed pesticides have not been tested to determine their potential to adversely affect the developing immune and endocrine system (EPA, 200 I).
The EPA is currently in the process of trying to address the absence of toxicity data (EPA, 200 I; NRDC, 1998) . Congress recognized these problems when it required the application of an additional lOX safety factor to protect fetuses, infants, and children in the absence of reliable data demonstrating sufficient safety with the Food Quality Protection Act (FQPA) (EPA, 2001) . This means that under the FQPA, the amount of pesticides legally allowed to remain in or on food will be set 10 times lower than it would have been previously, until reliable data are generated . Debate continues about the justification of the tenfold factor. Consequently, achieving full implementation of the FQPA remains a challenge as the EPA struggles to define "reliable data."
The Toxic Exposure Surveillance System Poison Control Centers in the United States report more than 129,000 pesticide poisonings each year with approximately 20% of individuals requiring treatment in emergency rooms (DHHS, 2000) . Approximately 20 Americans, mostly children, die annually from pesticide poisoning (Nadakavukaren, 2000) . While these numbers cannot be considered representative of all poisoning s, as they demonstrate only cases reported to Poison Control Centers , they do give a sense of the relative frequency of acute poisonings.
In contrast to acute pesticide poisoning, millions of Americans are at risk for chronic poisoning (low level exposure during an extended period of time) (Landrigan, 2000; Reigart, 1999) . However, the long term effects of pesticide s, particularly on the development of children , have not been adequately studied (ATSDR, 1999) . Long term or repeated low level exposures to a toxic substance may not produce signs and symptoms for years. Examples of chronic poisoning may include allergic sensitization, oncogenicity, teratogenicity, mutagenicity, hepatic damage, and neurologic damage (including accumulative Table 2 ). Evidence (mostly animal studies) suggests a pattern of disruption of the endocrine system by many pesticides including chlorinated hydrocarbons, synthetic pyrethroids, and triazine herbicides (Cooper, 1997; Diana, 2(00) . These chemicals have been shown to disrupt the normal functioning of the endocrine system by mimicking or 202 antagonizing natural hormones even at very low doses (Tilson, 1998) . Exposure to these compounds can lead to feminization of males, birth defects, and impaired fertility in wildlife populations (Guillette, 2000; Kelce, 1995; Key, 1994) . The contribution of these chemicals to increases in hormone responsive cancers, alteration in reproductive function, and birth defects in humans is currently being studied. The FQPA of 1996 now requires pesticides to be tested for potential endocrine disruption. Design of a protocol to test pesticides for their potential for endocrine disruption is currently underway. 'DDT and many other organochlorines were banned in the 1970s due to concern about persistence, bioaccumulation in the food chain , and possible longterm carc inogenicity.
Selected Classes of Pesticides
tAgent Orange was a mixture of 2,4-0 , 2,4,5-T &2,3,7,B-tetrachlorodibenzo-p-dioxin (TCDD). The mixture of 2,4,5-T and its derivatives has been banned since 1969.2,4-0 is not contaminated with TCDD and is used in more than 1000 pesticide products. Sources: Landrigan, (2000) ; Reigart, ( 1999) .
More research is needed to understand the long term effects of chronic pesticide exposure. Epidemiologic studies have found associations between some childhood cancers. including leukemia. neuroblastoma. non-Hodgkin's lymphoma. Wilms' tumor. soft tissue sarcoma. and germ cell (testes) and pesticide exposure (Buckley. 2000; Kristensen. 1996; Leiss. 1995; Meinert. 2000; Pagoda. 1997; Sharpe. 1995; Zahm, 1998) . However. results among studies have been inconsistent. Statistical simulations by the National Academy of Sciences committee studying the effects of pesticides in the diet of children suggest that thousands of children exceed the reference dose (the dose of a noncancer toxicant at which no health effects are likely) of some pesticides daily. In fact. some children may manifest symptoms of chronic pesticide poisoning including inattention and flu like symptoms from dietary pesticides (National Research Council. 1993) .
Education and advocacy related to pesticides are critical roles for occupational and environmental health nurses. The public must be educated about the potential for neurotoxic effects on children and adults as well as developmental neurotoxicity in infants and children. Health care providers have an important responsibility to teach clients about appropriate use and storage of pesticides in the home. workplace. and community.
Training is required by the 1992 Worker Protection Standard for the 3.5 million people who work with pesticides at more than 560.000 workplaces (see Sidebar on r . . _~.. _-S
ummary of 1992 Worker Protection Standard
Protects 3.5 million people working with pesticides at over 560,000 workplaces. Represents a strengthening of efforts to safeguard the health of agricultural workers and pesticide handlers.
• Applicators should apply pesticide in a manner that will not expose workers. Workers are excluded from area during pesticide application.
• Restricted entry intervals must be specified on all agricultural plant pesticide product labels. Workers are excluded during these intervals with only narrow exceptions.
• Personal protective equipment must be provided and maintained for handlers and early entry workers.
• Workers must be notified about treated areas to avoid inadvertent exposure.
• Decontamination supplies (ample water, soap, towels) must be provided for routine washing and emergency decontamination.
• Transportation to medical care facility for poisoned worker or handler must be available.
• Training is required for all workers and handlers. A pesticide safety poster must be displayed.
• Workers and handlers must have access to pesticide label information. Recent pesticide application must be posted in a central location. 
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Community strategies for protection from unnecessary exposure to pesticides focus on education about the risks to human health of chemical application and the particular vulnerability of children and pets. This education should include information about the persistence of pesticides on rugs, furniture, stuffed toys, and other absorbent surfaces within the home. Reduction in human and groundwater exposures from outdoor pesticide application can be accomplished through decreasing dependence on regular preventive lawn and garden pesticide application. If professional lawn services are used, treatment should occur only when pests are present. Avoidance of chemical application under high winds reduces spray drift. Covering outdoor furniture and removing outdoor playthings and pet food dishes when lawn care pesticides are being sprayed also minimizes exposure.
Integrated pest management (IPM) in the workplace, home, and community is an important approach to minimizing the use of pesticides and their potential adverse human health effects, as well as providing effective pest control. Integrated pest management combines both chemical and nonchemical methods to provide the least toxic pest control. It depends on regular monitoring to determine if chemical treatment is necessary, in contrast to routine chemical treatment according to a preset schedule. Treatments should be selected and timed with the objective of minimizing hazards to nontargeted organisms and the larger environment. Specific IPM strategies in the workplace and community setting include diverse methods such as: • Mechanical (e.g., vacuuming up insects). • Physical (e.g., caulking and barriers) (Etzel, 1999) . • Biological (e.g., using naturally occurring bacteria including Bacillus sphaericus and Bacillus papillae to produce toxins effective against some insects) (Vesley, 1999) . • Educational (e.g., cleaning up insect attracting foods in food preparation areas).
TAKING AN EXPOSURE HISTORY
Secondary prevention activities, particularly observation and recognition of adverse exposures and assessment of clients for environmental risks, are critical activities for occupational and environmental health nurses. Occupational and environmental health nurses are skilled in taking work histories. However, most have had little practice in eliciting an exposure history encompassing the larger environment. The baseline knowledge occupational and environmental health nurses have in toxicology is invaluable in assessing environmental exposures. In addition to a comprehensive work history, which includes description of prior and current jobs, a survey of the potential exposures in the home, school, or community is required.
Given the time constraints of most clinicians, a few screening questions are likely to be preferable to a lengthy questionnaire in identifying occupational or environmental hazards. The screening questions in the Sidebar on page
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Screening Questions for Occupational and Environmental Exposures
For an adult patient: After establishing the chief complaint and history of the presenting illness:
• What kind of work do you do?
• (if unemployed) Do you think your health problems are related to your home or other location? • (if employed) Do you think your health problems are related to your work? Are your symptoms better or worse when you are at home or at work? • Are you now or have you previously been exposed to pesticides, solvents, or other chemicals, dusts, fumes, radiation, or loud noise? For a pediatric patient (questions asked of parent or guardian):
• Do you think the patient's health problems are related to the home, daycare, school, or other location? • Has there been any exposure to pesticides, solvents or other chemicals, dusts, fumes, radiation, or loud noise? • What kind of work do the parents or other household members engage in?
If the initial history or clinical presentation suggests a potential occupational or environmental exposure, a detailed exposure interview is needed. Source: Orsorio, (1999). 205 could be incorporated into an existing general health questionnaire completed by the client or included in a routine client interview. If the health history or clinical presentation is suggestive of a potential occupational or environmental exposure, a more detailed instrument should be used. The "Detailed Interview for Occupational and Environmental Exposures" is provided on page 206.
Criteria employed in assessing any health problems are used in assessing problems of possible environmental etiology. These include the onset of the problem, the setting in which it developed, manifestations, and treatments. Description of the principal signs and symptoms should be described with respect to: • Location. • Quality. • Quantity or severity. • Timing (e.g., onset, duration, frequency). • Setting in which they occur. • Provocative or palliative factors. • Associated manifestation.
Significant negatives, which aid in differential diagnosis, should also be noted (Bickley, 1999) . Table 3 contains exposure risks to specific organ systems that can be used to focus the exposure history.
OCCUPATIONAL AND ENVIRONMENTAL NURSING INTERVENTION
When identifying clients at risk because of actual or potential exposures to environmental toxicants, occupational and environmental health nurses have opportunities for intervention at the primary, secondary, or tertiary preventive levels. At the level of primary prevention, APRIL 2001, VOL.49, NO.4 occupational and environmental health nurses target workers and community members who may be at risk for the adverse effects of environmental exposures. Activities at this level include risk assessment and involvement in policy development at the worksite or at the community level. Occupational and environmental health nurses may make an important contribution to worker and community health through advocacy for and participation in pollution prevention activities including toxic use reduction initiatives. Toxic use reduction consists of workplace practices reducing, avoiding, or eliminating the generation of hazardous waste to reduce the risk to the environment. Occupational and environmental nurses should also provide education and counseling for those potentially exposed to environmental toxicants. This can be achieved through occupational health programs at the worksite or educational forums in the larger community. Worksite or community level education should address environmental toxicants of concern to target population and provide information about possible routes of exposure and concrete measures to prevent exposure.
After a completed environmental exposure pathway has been identified, occupational and environmental nurses can intervene at the level of secondary prevention. Nurses must work toward accurate risk communication and reducing the adverse health effects of the toxicants. It is important to provide the clients with information about the toxicant, exposure routes and pathways, and potential health effects (both immediate and delayed). The nurse can explain the need for periodic health screening if appropriate. It is important to remember that many primary care providers do not have the CE ARTICLE~- • Under what circumstances do you use protective equipment? (e.g., work clothes, safety glasses, respirator, gloves, hearing protection)
• Do you smoke or eat at the worksite?
• List previous jobs in chronological order, include full and part time, temporary, second jobs, summer jobs, and military experience. (Because this question can take a long time to answer; one option is to ask the patient to fill out a form with this question on it prior to the formal history taking by the clinician. Another option is to take a shorter history by asking the patient to list only the prior jobs that involved the agents of interest. For example, one could ask for all current and past jobs involving pesticide exposure.)
ENVIRONMENTAL EXPOSURE HISTORY
• Are pesticides (e.g., bug or weed killers, flea and tick sprays, collars, powders, or shampoos) used in your home or garden or on your pet?
• Do you or any household member have a hobby with exposure to any hazardous materials (e.g.,pesticides, paints, ceramics, solvents, metals, glues)?
• If pesticides are used:
• Is a licensed pesticide applicator involved?
• Are children allowed to play in areas recently treated with pesticides?
• Where are the pesticides stored?
• Is food handled properly (e.g., washing of raw fruits and vegetables)?
• Did you ever live near a facility which could have contaminated the surrounding area (e.g., mine, plant, smelter, dump site)?
• Have you ever changed your residence because of a health problem?
• Does your drinking water come from a private well, city water supply, or grocery store? • Do you or any household member have a hobby with exposure to any hazardous mate rials (e.g., pestic ides, paints, ceram ics, solvents, metals, glues)?
• If pesticides are used :
• Is a licensed pest icide applicator involved?
• Are children allowed to play in areas recently treated with pestic ides?
• Has the patient ever lived near a facility which could have contaminated the surrounding area (e.g., mine , plant, smelter, dump site)?
• Has the patient ever changed residence because of a health problem?
• Does the patient's drinking water come from a private well , city water supply, or grocery store? • What medications or drugs is the patient taking? (Include prescription and non-prescription uses)
• Has anyone in the family worked with hazardous materials that they might have brought home (e.g., pesticides, asbestos, lead)? (If yes, inquire about household members potentially exposed.)
Source : Orsorio , (1999) .
necessary trammg to recogn ize and treat illne sses of environmental etiology. If the environmental expo sure is not work related, the client may need to be referred to appropriate resources (e.g., Associ ation of Occupational and Environmental Clin ics). In addition, if the expo sure originates at an indu strial site, occupational and environmental health nurses can advocate for change in institutional policies that place workers and the community at risk. Tertiary prevention activities usually occur after the exposure has ceased and the client is experiencing the sequelae of the exposure. These sequelae may persi st or APRIL 2001, VOL.49, NO.4 even occur some time after the exposure to the environmental toxicant. Tertiary prevention may involve strategies promoting adaptation of the individual or the communit y to changes. This exposure might result in or exacerbate a chronic health problem. At the individual level, occupational and environmental health nurses may support rehabilitative activities and facilitate communication between the client, primary care provider, and the workplace. At the community level, occupational and environmental health nurses may provide counseling and referral for community members exposed to a large scale environmental toxicant exposure. 
PRIORITY RESEARCH AREAS FOR ENVIRONMENTAL HEALTH
It is of vital importance that occupational and environmental health nurses participate in research activities to increase understanding of the adverse health outcomes associated with exposure to environmental hazards, as well as effective means of prevention. Occupational and environmental health nurses and other occupational and environmental health professionals are challenged to strengthen the health of the community and work environments.
The Environmental Health Sciences Working Group convened in 1996, sponsored by the National Institute for Nursing Research, to identify knowledge gaps in environmental health science, research opportunities, and challenges. The group recommended research areas for clinical studies that could be explored through investigator initiated research. The group advocated interdisciplinary partnerships among researchers with coordinated plans for nursing research to significantly impact the environmental health challenges facing society. Examples of research identified by the Working Group that are particularly promising for cooperative nursing research include (Grady, 1997) : • Develop surveillance methods to identify populations at risk for adverse health effects resulting from exposure to worksite chemicals and radiation.
• Describe barriers to the use of personal protective equipment among those who work with hazardous waste or pesticide sprayers or have noisy manufacturing jobs.
• Developinterventions aimed at decreasingthe risk of pesticide exposure among migrant and seasonalfarm workers. • Implement cohort studies to tie health effects and exposure to environmental hazards. • Investigate the impact of pesticide exposure on repro-208 ductive functions and the consequent neurologic functioning in children.
• Explore the relationships between hazardous waste sites and morbidity and mortality.
• Explore ways to maximize accuracy of exposure data obtained through self reporting technique.
ROLE OF OCCUPATIONAL AND ENVIRONMENTAL HEALTH NURSES IN PROMOTING ENVIRONMENTAL HEALTH
In the past decade, the public, business and industrial leaders, and health care professionals have realized the complex nature of environmental hazards. Environmental exposures occur in all settings-home, work, and community-and create opportunities for multiple exposures through several routes. Some are apparent, but most are not.
In meeting the challenge of environmental health, occupational and environmental health nurses are called on to act as researchers, clinicians, advocates, and educators. The role of occupational and environmental health nurses in research, as described above, poses the greatest opportunity to understanding the nature of hazards in the physical environment and their impact on human health.
As clinicians, nurses have an opportunity to use occupational and environmental exposure histories to identify and control multiple exposures. This may include interdisciplinary collaborations and working with public and private organizations to assess and communicate environmental health impact (Rogers, 1998 For Toxics Release Information Access to: TRI (includes facility identification, substance identification, chemical release)
For Chemical Information
Access to: ChemlDplus (chemical synonyms, structures, regulatory list information, and links to other databases containing information about 350,000 chemicals) 2.
3.
4.
More than 600 chemicals are registered with the Environmental Protection Agency as pesticides in the United States. Human exposure occurs through direct contact or dermal absorption, inhalation, and ingestion of food, water, and breast milk. It is estimated that 50% of all the pesticides ingested in a lifetime are ingested in the first 5 years of life.
Children are at particular risk for exposure to environmental toxicants like pesticides because of time spent crawling and playing on floors, lawns, and other potentially contaminated surface areas, and hand to mouth behaviors. At this time, toxicity data for many pesticides in common use are inadequate to determine potential for neurotoxicity and adverse effects on the developing immune and endocrine system.
To meet the challenge of environmental health issues, occupational and environmental health nurses have important opportunities to promote health in the workplace and the community through research, direct clinical services, advocacy, and education. 
Legislative Update
Further information on the Clean Air Act became available after "Essentials of Environmental Health: Enhancing Your Occupational Health Nursing Practice (Part 1)" went to press (AAOHN Journal, 49[3]:137-153). The following is a paragraph that appeared on page 148 of that article, with updated information in italics.
The standards are periodically revised as new data are made available. In 1997, prompted by studies that demonstrated elevated morbidity and mortality in cities meeting the establishe PM,o (aerodynamic diameter of 10 micrometers) levels, the U.S. Enviromental Protection Agency (EPA) issued a new PM 2 . 5 standard. The standard was designed to regulate the most harmful particulates which, due to their small size, are less likely to be trapped in upper airways and cleared by mucociliary mechanisms and can penetrate deeply into the lungs with even more serious health effects (EPA, 1997) . However, industry groups sued the EPA, and, in 1999, the implementation of the standards was blocked.
On February 27,2001 , the Supreme Court handed down their decision on the Clean Air Act 19972.5 PM and Ozone Standard. They unanimously upheld the constitutionality of the Clean Air Act as the EPA had interpreted it, and unanimously rejected industry arguments that the EPA must consider financial costs as well as health benefits in writing standards. The standard will remain in place and finally be fully implemented.
u.s. Environmental Protection Agency. (1997) . National ambient air quality standards for particulate matter: Final rule. Federal
Register, 62, 38856-38896.
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